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(57) M3o6peTCMiie otHOCurcn -k tcxmwkc noA- 

3CMH0rO pCMOHTd, a MMeiMtO X yCTpOViCTOOH 

Ann ycTdHOOKM eian/i wnecx wx n/iacTw peS% aap 
eoccTaHODieiuifi repMentiHOCTtf o6ca/*nux 
Tpy6. Ue/ib M306peTCMi4H -ynpomemte kohct- 
pyxuMM ycTpoAdoa m CHwxenwe era Maccu. 
3to AOCTwraOTca tcm, mto nonyfl unrox.12. 
TeneciconMseCKMycTaMooAeHHWft o xopnyce 6, 

KeCTKO C0ft33H C nO/lO* UIT3HfOW 3. 3a<)U«Cll- 

poaan o mcxoahom nonoxemui Ha xopnyce 6 u 



ata6*eM orpaHMMMTeneM 5 vt 4>uiccdTopoM ko- 
nemioro nono*eHMn b bmab donopHoro xo/ib- 
ua 14, a*» xoToporo na BHyTpeHMe* 
noBepxiioctM TpancnopTHOA ko/iohmu 15 bw 
nonMcna xonmeaafl nporwxa 16. Hpw otom 
paccTOflimc Meacay cronopHUM xo/ibuoM 14 u 
xonbueBoA npOTOMKoA 16s mcxoahom noncxe- 
mum 8u6paHO paatiuM fljwut xoAd AOpuwpyK)- 

IUeA rOAOBKM 4. T.e. paCCTORlHIK) OT HilXHCrO 

Topua xopnyca 6 AO orpawimn Ten* 5. flocne 
<t>nxcauHM ycTpoACTBa o o6coahoO Tpy6e 20 o 
30A3HHOM HHfepaane npwcTynaiOT k oanpec- 
coaxe n/iacTwpn 18 nocpeAcroOM npoAaane- 
hmb AOpHupytoujeft ronoBKn 4 »iepC3 nnacTb/pb 
18 occom HKT. npu 3tom cpeaaeTCsi uitm^t 22, 
a xcmaxoctw noA abojibmucm nepe3 oraepciue 
7 nocrynaeT o nonocib msidkgtw 8 n ouAaura- 
eT noABMXMwe cexTopu 9 b pa6oMco nonoxe- 
Mwe. rioc/ic aroro nxopb OTxniOMaeTcn ot 
o6caAHO& Tpy6u 20 n Aarfbwetiuia* 3anpec- 
cosKa nnacTup* 18ocyu4ecTo/ipeTC» noAA'ie- 
flCHucM a ronooxe 4 npu 
D03BpaTHO-nocxynaTenbHOM nepeMeiueHnu 

l*MCTpyMCMTa. 2 Mil. 



l43o6peTemio otmocmtca k TextiMxe noA- 
seMHoro peMOHTa, a mmchho k ycrpoftciBdM 
Ann ycTaHOOxM MeTdAAMwecxux niiacTupeA Aiia 

B0CCT3H08iieHMfl rCpMCTMMHOCTlt 06C3AMWX 

rpy5 hg4>thhux, boa«hux u ra300wx cxnaxvtx. 

ti3eecTiio ycipoAcTBO. oxnwnattmee 
uiTanry. tia mmkhcm kohus KOTopofl pa3Meme- 
M3 AopHupywiuaa ro/iOBxa. «a sepxHeM komuo 
- flicopb. a mokav hmmm ua ujTaiirc pacnono- 
xceti nnacTupb. 



OAMaxo AopHiipywman ro/iooKa npu pac- 
uiwicmmm n/iactupn AO conpnxeMiui c oGcba* 
t:0;j 6oft npoTRmeacTCfl ncpe3 nnacTupb 
cHioy oocpx nyreM occaofl narpy3KM na uhct- 
pyMwHT (xacocHO-KOMnpcccopribtc tpyGw). B 
3TCM cnyMae HKT noAocprawTCR aboAhoa ua- 
rpysxc: ruApaoflMsecxoMy Anonenuio u oceao- 
My pacT»*emiK), sto ne vtcxAKHaeT nopwa 
Tf,6 B npouecce'iix MaTaxcmia npu ycta- 
hgbxc nnaCTbipA iia Donbiuwx rnyCitHax (Go- 
ne c 3000 m). — 
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I'bf.CCTMO yCTpo^CTOO. CK.::3M2'CL;?e CM- - ynpoCTMTb KOliCTpyKUMlO yCTpOMCTG3. CMW- 

Acr.jfl ruAf. iDAimecKiiA TO/iKOTc/ib. Aopunpy- 3n;s Maccv c coxpaiiemiGM ero npOMHocmux 

wmyw roAooxy, nonuA iutox. uiranry c cbomcto. ofccxnemiTb ynoOcToo o6cAy*noa- 

pacnonoKCMHWMM ita nevl uanroDbiMw ynopa- hub vi aiccnnyaTaiuiw. 

mm nnacrupn, xoropufl pa3Memen Ha btou 5 H3oGpeTe»twe o6ccncMiioaeT a momciit 33- 

lUTanre. xoAa Aopniipytouieft rOAoaxH a n/iacTupb ciih- 

SroycTpofiCTDO rpoM03AKO» wrannoet*- xpoHnocTb noA34H hcmakocth Ha nOAOMnciiwe 

xo 3a cmct iianmitg cwaodux mimuinpoa, iiey- cexropu c QaaHMOAeftcrouCM xoAa roAOBxvi ao 

Ao6ho a OKcn/iyaTanvui w o6cAy*MeaHHM. ec mwcHero orpammHreAA 11 xoAbqeBow xa- 

Uenb M3o6peTCHdn - ynpomouie xgiict- 10 hookm co cronopiibiM xoAbuoM. 

py«UMM yctpoftcToa. chm*"»hhc ero Maccu. Ha <|>nr.1 ii3o6pa*eHo ycrpoftCTso o c6o- 

3ro AOCTMraeTcn TeM, mto paciuupetmc pe c nnacTwpeM, cnymeHitoe 0 cxoaautHy x 

n/iacTupsi ao conpjuxeHiisi c oGcaAHoa Tpy6o* MecTy Ae<t>CKTa o6c3Ahoh koaohhu: 11a cjwr.2 

oSecnemiBaeTCn nyTeM cosAanvw pacMeTnoA - AopHwpyioiuan roAoaxa, pa3pe3. 

occBOfl HarpyaKM na Aopnwpyioinyio roAoaxy 15 YctpoActoo coAepaurr rviApao/iMMecxMvi 

3a cmct oeca vmcTpyMCHTa, onycxacMOro o nxopb 1 cnOAmixnuMunnaujxaMM2. xoTopuiTi 

cxBaxcMuy. nocpeACTDOM no/iow urraHru 3 cocAHiieit c 

(Ipn 3tom nonuw ujtok KecTxo C0R33H c ruApaaAUMecxoM rOAOOXOfl 4, COCTOfltUevI 113 

no/ioii LUTanroM. 3a<J>nxcnpOBan ita xopnyce 0 iiu^nero ynopa 5, xopnyca 6 c OToepcTMCM 7. 

mcxoahom no/ioxcHwvi 11 iiMceT 4>nxcaTop ko- 20 MatixceTu 8, noAO"*Hb<x cexTopoo 9. 060KM 

neMHoro noAoxemis. npn 3tom nn onyTpGH* 10. xonycuoro nyaxcoHa H.ujroxa 12,yn/iOT* 

new noaepxHOCTit rpancnopTHOM koaoiuiu HMTenbiiMX xor.eu 13. CTonopHoro xonbua 14 11 

Tpy6 owno/mena Ko/ibucoan npOKmxa doa uepxnero naxpyGxa 15 c xoAbueoovi npoiOM- 

(^hkcdtop KOitCMMoro noAOxcciuiR. a noAufi xoft 16. naA roflooxoft paaMeuieH uMpxyAstioi- 

uiTox mmcct Ha HapyxHOrt noaepxHocTii orpa- 25 ohhuii n/iana»i 17.aMe*Ay*xopeM w ronoaxoA 

mmnTenb. npuneM A^una xoAa xopnyca roA- - nnaCTUpb 18. cnycxaeMu* Ha tiHCTpyMetire 

paommecicoii AOpiiupyioiueu ronooxn ao (HKT) 19 o oGcaflnyio Tpy6y 20 x Mecry A*|>ex- 

orpaimsuTc/in paona paccTomiujowcxAy ^jhk- Ta 21. Aaa npcAOTepduieiiMR npexAespeMea* 

cotopom KOHe^ioro no/ioxceHUfl vi xonbucBou Moro 3axoAO d rinacTupb AopHiipyioiueu 

npoioMKO^ TpaHcnopTHOA KonoiiMw Tpy6. Kpo* 30 ro/iooxu ona CHaOx^na cpeaH wm ujtm^tom 22. 
mc Toro. ruApaoniMccxini Hxopb ycTpoticToa. 

ouno/iKfliommi fjiyuKuviio ynopa n/iacTbipn. Rocne cnycxa ycrpofiCToa o cGope c rwta- 

pacno/ioxccH na kohuc no/iocTti utTanru noA crwpeM 18 uo tuiCTpyMeHTe 19 o o6caAHyK>. 

n/iacTwpeM. Taxoc Texuvinecicoc pciueiiwe no- Tpy6y 20 n opvieHTau^vi n/iaciwp« ua Ae<t>exT 

300/ineT OTxa3aTbc» ot npiiMeHCHun o ycrpoiv 35 21 n cwcreMe C03AaeTC« M36wTOHHoe ruAPao- 

doe citnoooro xonicaTCArt. Hpit 3Toe^ Aitsecxoc Aooncuvie. XwAxoctb noA AaoflCHM- 

TexHOAoriifl ycTaxOBKvt nA3CTwpji nyreM pac- cm nocTynacr a nonocTb nKopn 1. KOTOpuft 

ujupeHna ero ao conpflxeiuin c oGcaAHOrt Tpy* coommu ha3ujksmh 2 c pd3Meuiei<HUMvi Hd hcm 

6om npu npOTPriftoaHint Aopnupyiomeri 3y6bfiMn flxopviTcn 3a o6caAHyx> Tpy6y 20. 

roAOoxn caepxy amis oGecneHueacTCR pccom 40 oOecneMuoaa ynop nnacTupK). 3anpeccoDxa 

uHCTpyMGHTa. pacMCTHan narpyaxa KOToporo nnacrupn 18 x aiiyTpemicfl CTenxe o6caAHOM 

perynnpyeTCfl t\ kohtpoa u pyCTCfl no runpao- Tpy6w 20 pnn nepcxpwTnw AC^exTa 21 ocytue- 

nnwccxOMy ii3Mcpitrc.no occa (rWBy). ctoaoctcr npu npoT^rviBanuu Aopimpytoiueii 

Taxan KOMnoHoaxa ycrpodcroa u vicnoAu- toaodku 4 ncpea nAacrupi* oocom uttCTpyMCH- 

aoBaime Maccw UHCTpyMCMTo a^« C03A3Mww 45 tj 1 0. npu 3tom cpe3acTCfl uiTii^T 22. 3 iu6u- 

occBOtt narpy3xn mo Aoptmpyx>myio ronooxy tohhoo AaoACtivtc o noAocTb Manxery 8 

npn pacuivipCHitit HAacTwpfl noaoonncr nocrynaer Mcpea oTBcpcruc 7 n nepCAaer pa* 

- ynpocmTb Tcxiionorwio ycTanooxn nnacTw- AHaAbHyio Harpyaxy tia noABHxcuu'c cexropu 9 
pn npu OTcyTCTOMn ooiMOxotoro nnnaA3»uin a momcht 3axoAa toaookm a nnacrupb. r.e. 
noCTopoHHMx ToepAwx npeAMCToo MC*Ay xo* TorAa. xorAa kuxhiiA Topcu A xopnyca 6 aoxo- 
aohhom Tpy6 m nnacTupCM o npouccco ero 50 a»t ao ynopa 5 n cronopnoc xor.tuo 14 saiiu- 
pacujupeMn«: mhct mccto o xonbucooii npoTOMxe 1G. 

- oGccncHMTb ycTanonxy naacTupM npnxTunc- PIocac npoxoAa AOpiutpytoiucA roAooxtt 4 
cxMHdAX>6o^rnyGiiHC. Hoco3Aaoan AonoAuu- o nAacrwpc na asAaHiiyio ncAUMHHy (nanpu- 
TOAbHoA pacTwruomouiefioceooCt nnrpyaxn »ia mcp. 1.5 m), xcropaa oGecncmiDacr xoiiraxr- 
MHCTpyMeMT (HKT). npu 3tom na HcGoAbunix 55 hoc conpn;Kcmie nAacrupn 18 c oGcaAHO^ 
rAyGMiiax c n^ntio ynoAtviciuifl ncca imcTpy- rpyGoii 20. nxopi* X auTOMaumccxu otxax3«i3- 
mchta ucnoAbnywTcn yTR*encnHuc Gypnnu- ctch ot oGcaAHoA rpy6w c'coxpaitcmieM 113* 
Hue TpyGw: GuTOMHoro AaoncnuflrAopHtipyjomoti roACOxa 
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4 ocr n MticTpyMeHTd pacuiwppe' n«^Twpk 

Tate xax AopuHpyKDa^an ronoor. 3 6.iaroA3~ 
pa HM^neMy ynopy 5 m coeAMHeHMio cTonop- 
Moro Konma 14 c xojimeaoA npoTOMicoA 16 
nooie npoxoA3 orpe3xa t ne hmcct oc^ooro 
nepsM« ueHMR. to na/uiSooor/ n« "iCtuf. J (no* 
otopHue npoxoAu) ocymecTOJiaiOT noA naB*e- 

HM6M 0 rOAOBKO 4 xax CKM3y OBCpX nOA^CMQM 

HHCTpyMema, Tax h coepxy bhhs - dccom mh- 
crpyMema. flpw stom narpyaxw Ha nucTpy- 
mcmt npw ero noAteMe He3HaMWTe/iutwe. 

nocne ycTaiioaxH nnacTupa ycTpoftCTBO 
noAHHMaeTC* Ha noaepxHocTw, cm*a xmaxo- 
ctm c noAHWMaeworo wHCTpyMeHTa o6ecne»m- 
eaercB nepea i4MpKy*imMOHwufi» x/ianan 17. 

Yctpo^ctbo MMcet CJieAywuiwe npewMy- 
mecTsa: 

* Ann oceBoro nepeMcmeHM» AOpHMpyiomea 
ronoBXw no acefl ahmh'o naacru pa ceepxy bhm3 
iicnanb3yeTC« Bee MHCTpyMBHTa 6ea Aononm<- 
TejibHoft ocecoa Harpyaxw na Hero: 
-ynpomaeic* TexHO/iorwi ycvaHoexn n/iacTW- 
pa npaxniHCCKM Ha /iio6o& rnyCMHO c OTcyrcr* 
nvieM BoaMOKHoro nonaAaiiMH nocTopomtux 
wepAwx npeAMeTOB mcxay o6cMHOfl?py6oft 
m n/iacrupeM: 

- ynpomaeTcn xoHCTpyxuwji, cmokjeTca Mac- 
ca Gea norepw npoMHOCTMwx ceottctp yctpoA- 

CTB3. 



3K0M0MHMeCKI«H 3<t>4>eXT OT npUMCHtHUB 

AaMMoro TBXHHMecxoro peujeMwa opueHTupo- 
bommo coctbbht 1 - 2 Tbic.py6. Ha oa^y oncpa- 

UMW. 

Ct) 0 p M y /I a M306pfiT8MKR 
5 YCTpO^CTBO A"" VCTdHOBKH nnacTypa a 

o6caAH0A Tpyfie. BimiOMaiotMee ycraHoeneH- 
huA Ha TpancnopTHoA xo/iOHHe Tpy6 no/iuii 
xopnyc c paAuaAhHUMtt otbcpctmsmw h ri*A- 
paammeexoft AopHMpyioiueA ro/iOBxc*. Tene- 

10 cronvwecxM ycTaHoeneHHbiA b xopnyce no/iurt 
ujtok. o6pa3y»ometf c xopnycoM rwAPaanMMe- 
cxy» xaMepy. nonyw uiTanry c rwApae/iMse- 
ckmm AxopeM m nnacruph. pa 3 Me me h n w ft hb 
no/ioa uiTBHre. oT/iHsawmeecfl tcm. mto. 

15 cue/iwioynpomeMMfl xoncTpyiciiMM ycTpoftCTaa 
m CHHxeHwfl ero Maccu. no/iuft iutox xecrico 

CBB33H C nOAOfl UlTBHrO*. 33$MKCMpOBaH Hd 

xopnyce a hcxoahom no/iOKenmt w tweer $vix- 
caTop KOHeMHoro nonoxeHwa, npw 3tom hb 

20 BHyrpeHHeA noaepxHocm rpancnopTHOfl xo- 
siohhu Tpy5 BunoflHena xonbueBaa npOTono 
noA ^MxeaTop xoHeMHoro no/ioxceHitsi. a no- 
iiuft ujtok MMeer hb HapyjxHoft noaepxHocTH 
orpaHWHwrertk. npwneM A^Hna xoAa xopnyca 

25 rHApaBiiMHecxoA AOpnupyioiMert ronoaxn no 
orpaHMHMTeflft paBHa paccTo»Hn»o MexcAY 
caTopoM KOHeMHoro nonoxeHHB m iconbueaoA 

npOTOSKOA TpdMCnOpTHOA KOilOHHbl Tpy6. 
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(54) DEVICE FOR PLACING A PATCH 
IN A CASING 

(57) The invention relates to well 
servicing technology and specifically to 
devices for placing metal patches to 
restore leaktightness of casings. The aim 
of the invention is to simplify the design 
of the device and to reduce its weight. 
This is achieved by the fact that a hollow 
stem 12, telescopically mounted in 
body 6, is rigidly connected with hollow 
rod 3, fixed in the initial position on 
body 6 and provided with limit stop 5 and 



locking device for the final position in 
the form of retainer ring 14, for which 
annular groove 16 is made on the inner 
surface of work string 15. In this case, 
the distance between retainer ring 14 and 
annular groove 16 in the initial position 
is selected to be equal to the travel of 
coring head 4, i.e., the distance from the 
lower end of body 6 to limit stop 5. After 
securing the device in casing 20 at the 
specified interval, pressing of patch 18 
begins by means of coring head 4 
pushing through patch 18 because of the 
weight of the tubing. At this time, pin 22 
is sheared off, and fluid under pressure 
enters the cavity of cup seal 8 and 
advances movable sectors 9 to the 
working position. After this, the anchor 
is disengaged from casing 20 and further 
pressing of patch 18 is accomplished 
under the pressux. in head 4, with 
reciprocal motion of the tool. 2 drawings. 
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The invention relates to well servicing technology, and specifically to devices for 
placing metal patches in oil, water, and gas wells to restore leaktightness of casings. 

A device is known that includes a rod, on the lower end of which is disposed a coring 
head and on the upper end of which is disposed an anchor, and a patch is disposed between 
them on the rod. 
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However, during expansion of the patch until it joins the casing, the coring head is 
pulled through the patch from the bottom up by means of an axial load on the tool (the 
tubing). In this case, the tubing is subjected to a double load: hydraulic pressure and axial 
tension, which does not exclude the possibility of breakage of the pipes while they are under 
tension during placement of the patch at large depths (more than 3000 m). 
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A device is known that includes a heavy-duty hydraulic pusher, a coring head, a 
hollow stem, a rod with collet stops disposed thereon for the patch, which is disposed on that 
rod. 

This device is unwieldy and has high metal content because of the presence of heavy- 
duty cylinders, and is inconvenient to use and to service. 

The aim of the invention is to simplify the design of the device and to reduce its 

weight. 

This aim is achieved by the fact that expansion of the patch until it joins the casing is 
provided by creating the calculated axial load on the coring head due to the weight of the tool 
being lowered into the well. 

In this case, a hollow stem is rigidly connected with a hollow rod, is secured on the 
body in the initial position, and has a locking device for the final position, where on the inner 
surface of the work string an annular groove is made to accommodate the locking device for 
the final position, and the hollow stem has a limit stop on the outer surface, where the travel 
of the body of the hydraulic coring head to the limit stop is equal to the distance between the 
locking device for the final position and the annular groove on the work string. Furthermore, 
the hydraulic anchor of the device, fulfilling the function of a stop for the patch, is disposed 
at the end of the cavity of the rod to accommodate the patch. Such a design makes it possible 
to avoid using a heavy-duty pusher in the device. In this case, the technology for patch 
placement by expanding the patch until it joins the casing while pulling the coring head from 
the top down is provided by the weight of the tool, the calculated load of which is controlled 
and monitored using a hydraulic scale. 

Such an assembly for the device and the use of the weight of the tool to create the 
axial load on the coring head for patch expansion makes it possible to: 

— simplify the technology for patch placement with no possibility of extraneous solid objects 
falling between the string and the patch during its expansion; 

— provide placement of the patch at practically any depth, without creating additional tensile 
axial loading on the tool (the tubing), where heavy drillpipes are used at fairly small depths, 
with the aim of increasing the weight of the tool; 
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— simplify the design of the device, reduce the weight while retaining its strength properties, 
and make it convenient to service and operate. 

The invention ensures, at the moment the coring head starts toward the patch, 
synchronous fluid delivery to the movable sectors, with coupling between the travel of the 
head to its lower limit stop and the annular groove with the retainer ring. 

Fig. 1 shows the device assembled with the patch, lowered downhole to the location 
of the defect in the casing; Fig. 2 shows a cutaway view of the coring head. 

The device contains hydraulic anchor 1 with movable slips 2, which by means of 
hollow rod 3 is connected with hydraulic head 4, consisting of lower stop 5, body 6 with 
hole 7, cup seal 8, movable sectors 9, race 10, conical ram 11, stem 12, packing rings 13, 
retainer ring 14, and upper sleeve 15 with annular groove 16, circulation valve 17 is disposed 
above the head, and patch 18 is disposed between the anchor and the head, where the patch is 
to be lowered on the tool (the tubing) 19 into casing 20 to the location of defect 21. To 
prevent the coring head from starting toward the patch prematurely, it is provided with shear 
pin 22. 

After the device, assembled with patch 18 on tool 19, is lowered into casing 20 and 
the patch is oriented on defect 21, excess hydraulic pressure is created in the system. Fluid 
under pressure enters the cavity of anchor 1, which by means of its own slips 2 with teeth 
disposed thereon is anchored in casing 20, providing a stop for the patch. Patch 18 is pressed 
against the inner wall of casing 20 to seal off defect 21 when coring head 4 is pulled through 
the patch by the weight of tool 19. At this time, pin 22 is sheared off, and the excess pressure 
is transmitted to the cavity of cup seal 8 through hole 7, and transmits a radial load to 
movable sectors 9 at the moment that the head starts to travel toward the patch, i.e., when the 
lower end A of body 6 reaches stop 5 and retainer ring 14 occupies the position in annular 
groove 16. 

After coring head 4 has passed through the patch by a specified distance (for example, 
1.5 m) that assures contact joining of patch 18 with casing 20, anchor 1 automatically 
disengages from the casing while the excess pressure is maintained, coring head 
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4 expands the patch along its entire length by means of the weight of the tool. 

Since the coring head, owing to lower stop 5 and the connection of retainer ring 14 
with annular groove 16, after passing through segment / does not have axial movement, 
sizing of the patch (repeated passes) is accomplished under the pressure in head 4 both from 
the bottom up by means of the lift of the tool and from the top down by means of the weight 
of the tool. In this case, the loads on the tool as it is lifted are insignificant. 

After placement of the patch, the device is lifted to the surface, drainage of fluid from 
the lifted tool is provided through circulation valve 17. 

The device has the following advantages: 

— for axial movement of the coring head over the entire length of the patch from the top 
down, the weight of the tool is used without additional axial loading thereon; 

— the technology for placing the patch at practically any depth is simplified, with no 
possibility of extraneous solid objects falling between the casing and the patch; 

— the design is simplified, the weight is reduced without loss of strength properties for the 
device. 
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The savings from using this design are roughly 1-2 thousand rubles per operation. 
Claim 

A device for placing a patch in a casing, including a hollow body, mounted on a work 
string, where the hollow body has radial holes and a hydraulic coring head, a hollow stem 
telescopically mounted in the body that forms a hydraulic chamber with the body, a hollow 
rod with a hydraulic anchor and a patch disposed on the hollow rod, distinguished by the fact 
that, with the aim of simplifying the design of the device and reducing its weight, the hollow 
stem is rigidly connected with the hollow rod, is secured in the body in the initial position, 
and has a locking device for the final position, where an annular groove is made on the inner 
surface of the work string to accommodate the locking device for the final position, and the 
hollow stem has a limit stop on the outer surface, where the travel of the body of the 
hydraulic coring head to the limit stop is equal to the distance between the locking device for 
the final position and the annular groove of the work string. 
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[see Russian original for figure] [see Russian original for figure] 



Fig. 1 Fig. 2 
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